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Abstract

The objective of this study was to develop Taboun bread supplemented
with quinoa flour and to select the best pretreatment that could be used to
reduce saponin content without negatively affecting the quality of bread.
In this study, three types of composite flour containing wheat flour with
different levels of substitution of wheat flour ranging from 0% to 25%
were used to prepare composite flour. The effects of incorporating of the
different concentrations of extruded Quinoa seed flour with wheat flour
and the storage days on the bread quality during three days of storage at
room temperature for three days were studied. The results showed that the
incorporation of the pre-processed seeds with a 20 and 25% substitution
level (without pretreatment) had the highest effect in decreasing the values
of peak viscosity compared to other types of pretreatments. The texture
profile analysis (TPA) parameters (hardness, cohesiveness, resilience,
and chewiness) were significantly affected by the storage time, the level of
acceptance of sensory characteristics, and the interaction between them.
The study recommends that studies be carried out to further verify the role
of physical treatments of quinoa seeds in improving the characteristics of
the finished product of Taboun bread.

Introduction compounds, prebiotics, and probiotics.® A functional
Functional foods are described as any ingredient  food can be a natural food, a food that has had
or component of food that delivers health benefits, = a component added to it, a food that has had a
including illness prevention and treatment. The = component removed, or a food that has had one or
key functional components of food include fibers, = more components modified, a food with modified
proteins, polyunsaturated fatty acids, phenolic  bioavailability, or any combination of these.®
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A food product becomes functional by removing a
component that is known or suspected of creating
a negative effect when consumes it. Increasing
the concentration of a naturally occurring dietary
component, including an element that isn't usually
found in food, Increasing the bioavailability or
stability of a component known to provide a
functional advantage or to reduce the disease-risk
potential of a diet.®

Quinoa is a pseudo-cereal with high-quality protein,
and this cereal has high fatty acid levels and strong
oxidative stability.” Quinoa grains are covered by
an epicarp that holds glycoside compounds called
saponins showing a characteristic bitter or astringent
taste.” When consumed alone or combined with
other cereal grains, quinoa's well-balanced protein
and amino acid composition may help maintain
a healthy level of protein in the diet. Quinoa is
becoming increasingly popular these days due to
its high nutritional value, protein content and role
as a beneficial source of micronutrients. Quinoa is a
complete plant-based protein source for humans, as
it contains a well-balanced combination of essential
amino acids. Quinoa is also a great source of
dietary fiber and phosphorus9. It contains significant
amounts of magnesium, iron, and vitamins like
vitamin E and group B. Quinoa is thought to be
easily digestible6. Quinoa and quinoa products are
high in polyphenols, which are bioactive secondary
plant metabolites that contribute to a number of
physiological properties such as antimicrobial,
antioxidant, anti-inflammatory, anti-tumor and anti-
carcinogenic effects. Polyphenols include phenolic
acids, flavonoids and tannins.’ Quinoa seeds’
compounds possess additional health benefits
beyond the high nutritional value, especially the
antioxidant and anti-inflammatory activities that are
essential for reducing the risk of chronic diseases
related to oxidative stress, including cancer,
cardiovascular disease, diabetes and aging, also
quinoa is generally safe for people with celiac
disease."”

On the other hand, quinoa contains a variety of
antinutritional compounds such as saponins. Before
the seeds are consumed, saponins, which are
thought to be an antinutritional component, must be
removed.5 Most quinoa saponins are polar saponins
soluble in water?? and tend to foam in aqueous
solutions.’® Saponins are present in the outer layer
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of glycoside compounds. These compounds have
pharmacological properties but impart a bitter taste
to the grain, which must be reduced by grinding
and/or washing before consumption. Quinoa seeds
can be classified as sweet (0.11% saponins) or
bitter (>0.11% saponins) depending on the saponin
content of the variety.® All of these nutritional and
health properties will make quinoa a potential
functional food that can be incorporated with different
food products, and one of these products is Taboun
bread.

Taboun bread is a flatbread type classified as a
single-layer bread. Cereal flours, particularly wheat,
are the world's most popular fortified food. The
purpose of fortifying wheat flour is to enhance the
produced bread's nutritional and sensory values.™
One of the important challenges to consider was
reducing the saponin contents of quinoa seeds
before utilizing them in Taboun bread preparation.
In particular, replacing part of the flour used in
the preparation of Taboun bread with quinoa flour
will improve its nutritional and health properties,
although it will not negatively affect its sensory
properties. To the best of our knowledge, no study
has been conducted to investigate the effect of
replacing wheat flour with different levels of quinoa
flour on the quality of Taboun bread. The main
objectives of this study are to:

*  Develop Taboun bread enriched with quinoa
flour.

»  Select the best pretreatment that could be used
to reduce saponine content without negatively
affecting Taboun bread quality.

»  Determine the optimal proportions of wheat flour
to quinoa flour for production of Taboun bread
with good quality.

Material and Methods

Material

In order to prepare Taboun bread the following
ingredients were used: quinoa flour (Alsufara Bakery,
Amman, Jordan), Baladi wheat flour (Aljwaideh mills,
Amman, Jordan), and Zero wheat flour (Alghazal
modern flour mills & Macaroni factories, Amman,
Jordan).

Methods
In this study, two experiments were performed to
answer the research questions:
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Effects of quinoa seed physical modifications
on pasting profile of composite flour containing
wheat flour with different proportions of quinoa
flour.

Pretreatment of Quinoa Seeds and Preparation
of Quinoa Flour

The following pretreatments were used to reduce
saponin content: washing, roasting and extruding.
Quinoa seeds portions of 200g were used with two
replicates for each treatment. For washing quinoa
seed were washed ten times using 10 L of water for
each 1 Kg of quinoa seeds.?® After that, quinoa seeds
were dried at 55 C for 6 hours using lab dehydrator
(Excalibur, USA). In roasting, the quinoa seeds
were milled using a hammer mill (Alsufara Bakery,
Amman, Jordan). Then, the flour was roasted in a
vacuum oven at 200C or 10 minutes. (JE IO TECH
(OV12), Korea). For extrusion, the quinoa seeds
were extruded in (Alsufara Bakery, Amman, Jordan)
(Manual design) at 150 C and 14% moisture content
on wet basis using a locally designed extruder.
After that, the extruded quinoa was milled using a
hammer mill and stored tightly vacuum packed at
room temperature. All samples were numbered and
coded appropriately.

Preparation of the Composite Flour Containing
Wheat Flour and Quinoa Flour with different
Proportions

Pretreated Quinoa seeds flour was mixed with wheat
flour in the following proportions: 0, 5, 10, 15, 20,
and 25%. Composite flour was prepared just before
testing and evaluation. The composite of flour was
placed in large bags, and homogenized manually by
shaking vigorously for a minute. After that, samples
are taken from different areas for the purpose of
verifying the stability of the moisture content, and
when doing so it was found to be stable.

Evaluation of the Composed Flour: Two Methods
were used to Evaluate the different Quinoa Flour
Blends

Flour Pasting Profile

The general pasting method (AACC International
Method 76-21.01) was used to determine the pasting
profile of the composite. The process in brief: 25 ml
of distilled water was filled into a canister. After that,
3.5 g of the composite flour at 14% moisture content
was added to the canister. The blade was placed
in the canister and vigorously moved ten times up
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and down to ensure no lumps remained. Then it was
inserted into a Rapid Visco Analyser device (RVA)
(Perten, Australia). The Rapid Visco Analyser (RVA)
was programed using Thermocline software (Perten,
Australia). The profile used to program the Rapid
Visco Analyser (RVA) is summarized in Table (3-1).

Table 3-1: Rapid Visco Analyzer heating profile
according to the general pasting method

Time (second) Type Value (°C)
00:00:00 Temperature 50°C
00:00:00 Speed 960 rpm
00:00:01 Speed 160 rpm
00:01:00 Temperature 50°C
00:04:42 Temperature 95°C
00:07:12 Temperature 95°C
00:11:00 Temperature 50°C
00:13:00 End

Idle Temperature 50 +1°c
Time between readings 4 seconds

The software drew the pasting curve as the program
started. At the end of the program, the software
calculates the following parameters: breakdown,
trough, peak viscosity, final viscosity, setback, peak
time, and pasting temperature. A typical pasting
curve is shown in Figure (3-1). The calculation
method used for each parameter is summarized in
Table (3-2).
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Fig. 3-1: Typical Rapid Visco
Analyser pasting profile
Flour Color

Composite flour color was evaluated using a non-
contact spectrophotometer (VS-450, UK) according
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to the manufacturer's recommendations. The
CIE Lab values and color difference values were
calculated using Oncolor software (CyberSoft, UK).

Table (3-2): Pasting profile parameters
definition

Parameter Definition

Peak viscosity = The maximum paste viscosity is
reached during the heating stage

of the profile.

Trough The minimum paste viscosity was
obtained during the holding stage
at the highest temperature.

Breakdown (Peak viscosity) — (trough
viscosity)

Final viscosity = The viscosity at the end of the
profile

Set back (Final viscosity) — (trough viscosity)

Peak time The time corresponded with the
peak viscosity

Pasting The temperature at the onset of

temperature the rise in viscosity.

Statistical Analysis

Completely randomized design-factorial design
(4x6) with two replicates was used to analyze the
data using Minitab system (version 19.20.20). The
statistically significant effect of the parameters was
determined by a two-way analysis of variance with
Tukey’s test (P< 0.05).
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Effects of using Composite Flour Containing
wheat and Quinoa Flour in different Ratios on
Taboun Bread Quality during Three Days of
Storage

A completely randomized design (CRD) was used
to evaluate the quality of Taboun bread formulated
from three types of composite flour containing wheat
flour with different quinoa seed flour: 0, 10, and 20%.
Based on the first experiment’s results, the previous
substitution ratio was selected.

Taboun Bread Preparation

Six composite flour recipes were used to prepare
Taboun bread. In addition to composite flour,
the recipes contain salt, sugar, yeast, sodium
bicarbonate, and water (Table 3-3). An expert worker
determined the required amount of water as the
quantity of water needed to give the dough optimal
viscosity. The straight-dough method was used to
prepare the dough. Ingredients were weighed and
mixed; water was gradually added to give the dough
the required viscosity. The dough was mixed. Then
divided and rounded the dough into balls weighting
185g and put them in wood boarding. The dough
was allowed to ferment for 50 minutes at room
temperature. After that, the dough was manually
formed to the desired diameter and baked. After
baking, the loaves were left to cool for 15 minutes.
Finally, the loaves were packed in plastic bags and
left for evaluation after three days of storage.

Table 3-3: Taboun bread formulas using different composite flour containing wheat flour with
different proportions of quinoa seed flour

Wheat Quinoa Baldi Zero Quinoa Salt Sugar Sodium bicar Yeast Water
flour% flour% flour(g) flour(g) (9) (9) (9) -bonate (g) (g) (ml)

100% 0% 1000 500 0 15 30 10 100 1360
90% 10% 900 450 150 15 30 10 100 1305
80% 20% 800 400 300 15 30 10 100 1305

Taboun Bread Evaluation

Physical Measurements

Baking Loss

The baking loss is calculated using this equation:

Baking loss= (dough weight before proving-
loaf wgightafter cooling) / (dough weight before
proving ) *100%

Color Measurement

The bread upper surface and bottom surface
color were measured at three different locations
in the bread loaf and then averaging the values.
The color was measured using a non-contact
spectrophotometer (X-rite VS-450, UK) equipped
with On color software (CyberSoft, UK). The CIE
Lab color values and color difference were calculated
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where: L* represents the reflection of light; a* values
represent the red/green colors (+ values for red color
and — values for green color); b* values represent
the yellow/blue colors (+ values for yellow color and
— values for blue color).

Instrumental Texture Evaluation

Texture Profile Analysis (TPA)

TPA was measured using a texture analyzer
(TVT6700, Perten, Sweden) using TVT methods
(01-03.2). The texture analyzer was equipped with
a 5 kg load cell and a stainless steel cylinder probe
(45mm height and 25mm diameter). The test profile
was: staring distance from sample=5mm, sample
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compression = 20%, pause between cycles=15
s, initial probe speed=1mm/s, probe test speed =
1mm/s, probe retract speed=1mm/s, and trigger
force=5g. The program drew the distance/time and
force curve from which the following parameters
were calculated: firmness, cohesiveness, chewiness,
resilience, and springiness. In Figure (3-2), a typical
Texture Profile Analysis (TPA) curve is illustrated.
The maximum peak force was calculated as
firmness. The resilience was Area a2/Area a1.
Cohesiveness was the total area of the second
peak divided by the area of the first peak. The
chewiness was calculated by multiplying firmness,
cohesiveness and springiness.
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Fig. 3-2: A typical texture profile analysis curve

Bread Stretchability

Bread stretchability was tested using a texture
analyzer (TVT6700, Perten, Sweden). 5 kg load
cell was used, and stainless steel cylinder probe
(3 mm diameter). The bread loaf was placed under
the probe. The program records the measurement
once the probe reaches the pre-set trigger force.
The probe will then puncture the sample to a
predefined distance. After puncture, the probe
returns to its starting position (AIB method, 2017).
The test profile used was: starting distance from the
sample: 5mm, sample compression: 15 mm, initial
probe speed: 2 mm/s, probe test speed: 1.7 mm/s,
probe retract speed: 10 mm/s, and trigger force: 10
g. Three measurements were taken from each loaf
and averaged for statistical analysis.

Sensory Analysis

Untrained Sensory Analysis

The bread samples cut from each loaf look like a
circular sector. Samples were placed on plates and
displayed to my family member and friends. We
instructed the panelists to evaluate the bread using
a nine-point hedonic scale, where 1 denotes dislike
very much, and nine denotes like very much. Twenty
panelists evaluated the bread.

Statistical analysis

Completely Randomized Design- factorial design
(CRD) with two replicates was used to analyze the
data using the Minitab system (version 19.20.20).
Tukey's test determined the statistically significant
difference effect of the parameters (P< 0.05).
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Results

Effects of quinoa seed physical modifications on the
pasting profile of composite flour containing wheat
flour with different proportions of quinoa flour.

A 4x6 factorial experiment was applied to examine
the main effects of the two factors and their
interactions. The first factor was the pretreatment of
Quinoa seeds which contained four levels: Quinoa
seeds without pretreatment, washed Quinoa seeds,
roasted Quinoa seeds, and extruded Quinoa seeds.
The second factor was the levels of substitution of
wheat flour with Quinoa seeds flour which contained
six levels: 0, 5, 10, 15, 20, and 25%. When the
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interaction effect was significant, only the results of
the interaction effects were presented. When the
interaction effect was not significant, significant main
effects were presented.

Pasting Profile

Pasting Temperature

Pasting temperatures of the composite flour were not
significantly (P>0.05) affected by the pretreatment
type of Quinoa seeds, levels of substitution of wheat
flour, and interaction between them. The pasting
temperatures for different composite flour ranged
between 73.8 C and 87.68 C (Table 4-2).
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Fig. 4-1: Effect of the type of pretreatment on the peak time values. (The arithmetic means within
the same letter are not significantly different at a 0.05 probability level).

Peak Time

The values of peak time were significantly affected
(P<0.05) by the type of pretreatment and the levels
of substitution of wheat flour, with no interaction
between them. Only the roasting treatment was
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significantly (P<0.05) lower than the control
treatment (Figure 4-1). Regarding the effect of flour
substitution level, above 5% substitution level the
peak time values decreased significantly (Table 4-1).
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Fig. 4-2: Effect of the type of pretreatment on the breakdown values. (The arithmetic means
within the same group followed by the same letter are not significantly different at a
0.05 probability level)
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Breakdown

The values of breakdown were significantly affected
(P<0.05) only by the pretreatment type and the
substitution levels. No significant differences existed
between the pretreatments used and the control
(Figure 4-2). Only the 25% substitution level was
not significantly different from the control, whereas
other treatments were significantly higher than the
control (Table 4-1).

Peak Viscosity
The peak viscosity values of the composite flour were
significantly affected (P<0.05) by the pretreatment
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type, the substitution levels, and the interaction
between them. Composite flour with extruded
Quinoa seeds and with increased substitution
levels had the highest effect in decreasing the
values of peak viscosity compared to other types of
pretreatments. The composite flour with extruded
quinoa seeds with levels above 5% significantly
affected the peak viscosity compared to the wheat
flour. The composite flour with washed quinoa seeds
with levels up to 20% did not significantly affect the
peak viscosity compared to the control. (Table (4-2)
and Figure (4-3)).

Roasted Extruding

m (0%
5%
m10%
m15%
m20%

m25%

Type of pretreatment

Fig. 4-3: Effect of the interaction between the type of pretreatment and wheat flour substitution
levels with quinoa seed flour on the peak viscosity values. (The arithmetic means within the same
group followed by the same letter are not significantly different at a 0.05 probability level)
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Fig. 4-4: Effect of the interaction between type of pretreatment and wheat flour substitution levels
with quinoa flour on the trough values. (The arithmetic means within the same group followed by
the same etter are not significantly different at a 0.05 probability level)
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Trough

There were main effects of pretreatment type and
levels of substitution with a significant (P<0.05)
interaction between them on the trough values.
Composite flour with washed Quinoa seeds had
the lowest effect in decreasing the trough values
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compared to other types of pretreatments, and
composite flour with extruded Quinoa seeds and with
a 25% substitution level had the highest significant
impact on the trough values compared to the control
(Table (4-2) and Figure (4-4)).
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Fig. 4-5: Effect of the interaction between type of pretreatment and wheat flour substitution levels
with quinoa seeds flour on the setback values. (The arithmetic means within the same group
followed by the same letter are not significantly different at a 0.05 probability level)

Table (4-1): Effect of the substitution levels of wheat flour with
quinoa seed flour on pasting profile parameter**

Pasting Profile Parameters

Substi- Pasting. Peak Time to Breakdown Trough setback Final
tution* Temp Viscosity (min) Viscosity
Levels

0%  86.68+0.29°  1568+9.27%  6.54+0.025° 229.13+3.76° 1338.25+5.78% 427.25+9.63¢ 1766.13+15.172
5% 84.013+8.79° 1535.38+49.172 6.46+0.042° 268+19.26° 1267.38+51.84° 479.62+23.75° 1747+61.57%
10% 86.93+0.592 1449.13+69.59° 6.33+0.11° 266.89+32.442 1182.25+73.63° 512.13+52.05°° 1694.38+95.35°
15% 86.69+0.6° 1348+142.86° 6.21+0.11° 268.5+26.46% 1079.5+136.39° 537.5+58.86*° 1617+173.46°
20% 86.79+0.48* 1243.5+166.81¢ 6.07+0.1¢ 262.75+19.462 1014.75+137.85° 559.88+61.24% 1541.38+218.39¢
25% 83.71+9.29% 1149.13+202.76° 6+0.072¢ 241.13+29.71%* 908+189.67¢ 562+89.66°  1470+276.45°

*Data were expressed by MeanstStandard Deviation(SD), ** The arithmetic means within the same column followed by
the same letter are not significantly different at a 0.05 probability level.

Setback

The type of pretreatment, the levels of substitution,
and the interaction between them significantly
(P<0.05) affected the values of the setback. As
shown in Table (4-2) and Figure (4-5), the roasting
and extruding pretreatments did not significantly
affect the setback values, as washing pretreatment

and quinoa seeds without pretreatment had the
highest effect in increasing the setback values.
The composite flour with quinoa seeds without
pretreatment with substitution level up to 15% did
not significantly affect the setback values compared
to control.
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in decreasing the final viscosity values compared to

other pretreatments. Only the washing pretreatments
and the control (Quinoa without pretreatments) were

not significantly affected the final viscosity values

(Table (4-2) and Figure (4-6)).

Final Viscosity

The final viscosity values were significantly affected
by the pretreatment type, substitution levels, and

the interaction between them. The composite flour
with extruded Quinoa seeds with a 20 and 25%

substitution level of wheat flour had the highest effect
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Fig. 4-6: Effect of the interaction between type of pretreatment and wheat flour substitution levels
with quinoa seeds flour on the final viscosity values. (The arithmetic means within the same
group followed by the same letter are not significantly different at a 0.05 probability level
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Fig. 4-7: Effect of the different quinoa seeds pretreatment and wheat flour substitution levels with
quinoa flour on composite flour L*values. (The arithmetic means within the same group followed
by the same letter are not significantly different at a 0.05 probability level).

CIE Lab Color Values

L*values

The L* values of the composite flour were significantly
affected by the pretreatment type and the substitution
level of wheat flour, with a significant interaction
between them. Figure (4-7) and Table (4-3) show
that the control (quinoa seeds without pretreatment)
and washing pretreatments did not significantly
affect the L* values with all levels of substitution. In
contrast, with roasting and extrusion pretreatments,
the L* values decreased with increased substitution
levels above 5%.

a* values were significantly affected by the
pretreatment type and the substitution levels, with
a significant interaction between them. As seen in
Figure (4-8) and Table (4-3), the roasting treatment
had the highest effect in increasing the a* values with
increasing substitution levels, followed by extrusion
pretreatment. In contrast, the washing pretreatment
and the control treatment (quinoa seeds without
pretreatment) did not significantly affect the a* values
with all substitution levels.
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Fig. 4-8: Effect of different quinoa seeds pretreatment and wheat flour substitution levels with

quinoa flour on composite flour a*values. (The arithmetic means within the same group followed
by the same letter are not significantly different at a 0.05 probability level)
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Fig. 4-9: Effect of different quinoa seeds pretreatment and wheat flour substitution levels on
composite flour b*values. (The arithmetic means within the same group followed by the same
letter are not significantly different at a 0.05 probability level)
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Fig. 4-10: Effect of different quinoa seeds pretreatment and wheat flour substitution levels on
composite flour AEab*values. (The arithmetic means within the same group followed by the same
letter are not significantly different at a 0.05 probability level)
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b*values

There were main effects by the pretreatment type
and the substitution level of wheat flour, with a
significant interaction between them on the b* values.
Figure (4-9) and Table (4-3) show that roasting
and extrusion pretreatments significantly affect

the b* values, where the b* values increased with
increasing the substitution level. In contrast, control
treatment (quinoa seeds without pretreatment) and
washing pretreatment did not significantly affect the
b* values with all levels of substitution used.

Table (4-3): Effect of interaction between the type of pretreatment

and levels of substitution on CIE lab color*

Interaction effect L* value a*value b*value AEab* value
Pre. Sub.

Control 0% 91.86+0.482 0.58+0.03¢ 11.86+0.37f 0.19+0.58¢
Control 5% 91.04+0.482° 0.62+0.03¢ 12.26+0.37¢ 0.8+0.58¢%
Control 10% 90.16+0.483° 0.63+0.03¢ 12.91+0.370cdf 1.89+0.58¢%
Control 15% 90.57+0.483¢ 0.61+0.03¢ 12.59+0.37¢ 1.39+0.58¢%
Control 20% 89.43+0.483 0.66+0.03< 13.18+0.37¢¢f 2.64+0.58%
Control 25% 89.4+0.48abcd 0.62+0.03¢ 13.24+0.37Pcdef 2.69+0.58%%
Washing 0% 91.86+0.482 0.58+0.03¢ 11.86+0.37f 0.19+0.58¢
Washing 5% 90.88+0.483%° 0.59+0.03¢ 12.2+0.37¢ 0.9+0.58¢%
Washing 10% 89.96+0.483° 0.66+0.03< 12.58+0.37¢ 1.9+0.58¢d
Washing 15% 89.49+0.483b<d 0.72+0.03 12.99+0.370cdef 2.56+0.58¢
Washing 20% 89.84+0.48a¢ 0.6+0.03¢ 12.27+0.37¢ 1.92+0.58¢%
Washing 25% 89.36+0.483b<d 0.61+0.03¢ 12.4£0.37¢f 2.43+0.58%%
Roasting 0% 91.86+0.482 0.58+0.03¢ 11.86+0.37f 0.19+0.58¢
Roasting 5% 90.19+0.483¢ 1.43+0.03° 12.69+0.37¢¢f 1.96+0.58¢%
Roasting 10% 88.47+0.48bcd 1.72+£0.03% 13.25+0.370cf 3.71+£0.58b
Roasting 15% 86.25+0.48¢ 2.56+0.032 14.71+0.373> 6.47+0.582°
Roasting 20% 85.51+0.48f 2.76+0.032 15.3+£0.372° 7.44+0.582
Roasting 25% 86.32+0.48f 2.4+0.03% 14.83+0.373b° 6.46+0.58%
Extruding 0% 91.86+0.48° 0.58+0.03¢ 11.86+0.37f 0.19+0.58¢
Extruding 5% 90.63+0.483° 0.9+0.03c 12.43+0.37¢ 1.27+0.58%
Extruding 10% 88.98+0.48bcde 1.57+£0.03% 13.6+0.370cf 3.41+0.58bcd
Extruding 15% 88.59+0.48bcde 1.569+0.03%* 14.04+0.37bce 3.98+0.580
Extruding 20% 88.23+0.48¢c%f 1.82+0.03% 14.98+0.373b° 4.86+0.58%>°
Extruding 25% 87.03+0.48¢%f 2.24+0.032° 16.26+0.372 6.66+0.58%

*Data were expressed by MeanstStandard Deviation (SD); The values within the same column followed
by the same letter are not significantly different at a 0.05 probability level.

AEab* values

There were main effects by the pretreatment type
and the substitution level of wheat flour, with a
significant interaction between them on the AEab*
values. Figure (4-10) and Table (4-3) show a
significant interaction between the main effects
of pretreatment type and wheat flour substitution
level on the AEab* values, which AEab* values of

composite flour with extruded and roasted Quinoa
seeds significantly increased by increasing the
substitution levels compared to other pretreatments.
The AEab* values of composite flour with washed
quinoa seeds and quinoa seeds without pretreatment
did not significantly affect for all levels of substitution
used.
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Fig. 4-11: Effect of the difference of days on the AEab*values of the bottom layer of bread.
(The arithmetic means within the same group followed by the same letter are
not significantly different at a 0.05 probability level

Effect of Composite Flour that Contains Wheat
Flour with different Proportions of Quinoa Seeds
on Bread Quality

A Completely Randomized Design (CRD) factorial
design was used to examine the effect of composite
flour containing wheat flour with different proportions
of 0, 10, and 20% of Quinoa seeds (without
pretreatment) on the bread quality during storage
at room temperature for three days.

CIE Lab Color Values for the Top Layer of Bread
L* values, a* values, b* values, and AEab* values for
the top layer of bread were not significantly affected
by the storage time and levels of substitution, with no
significant interaction between them. Values of CIE
Lab color for the top layer of bread were presented
in Appendix Il.

chewiness (g)
g

First day

Second day
Different days

CIE Lab Color Values for the Bottom Layer of
Bread

L* values, a* values, and b* values for the bottom
layer of bread were not significantly affected by
the storage time and levels of substitution, and
interaction between them. Values of CIE Lab color
for the bottom layer of bread are presented in
Appendix Il.

AEab* Values

AEab* values of the bottom layer of bread were
significantly affected only by the storage time with
no significant interaction effect. Figure (4-11) shows
AEab*value of the bottom of the bread significantly
differed on the third day compared to the first and
second day.

u (0%
m10%

m20%

Third day

Fig. 4-12: Effect of the interaction between different days and levels of substitution on values of
chewiness. (The bar within the same letter is not significantly different at a 0.05 probability level)
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Texture Analysis

Double Cycle Compression (Texture Profile
Analysis TPA)

Chewiness

The values of chewiness were significantly affected
by the storage time, different levels of substitution,
and interaction between them. As shown in Figure
(4-12) and Table (4-4), the values of chewiness
increased significantly by increasing the substitution
levels with varying days, and the composite flour
with a 20% substitution level had the highest value
of chewiness on the third day (8234.2 g).

0.86
0.84
0.82

colesiveness

First day

° b
. b ab
a
038 be
cd

0.78 -
0.76 de
0.74 5
0.72

0.7
0.68
0.66

Second day

857

The storage time, the different levels of substitution
and the interaction between them had a significant
impact on the values of hardness. The values of
hardness significantly increased by increasing
the substitution levels with varying days, and the
composite flour with a substitution level of 20%
had the highest value of hardness on the third day
(Figure (4-13) and Table (4-4)).

Springiness

The values of Springiness were not significantly
affected by the storage time, the different levels of
substitution, and the interaction between them.

m(0%
m10%

u20%

Third day

Different days

Fig. 4-13: Effect of the interaction between different days and levels of substitution on values of
cohesiveness. (The bar within the same letter is not significantly different at a 0.05 probability

level)
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Fig. 4-14: Effect of the interaction between different days and substitution levels on resilience
values. (The bar within the same letter is not significantly different at a 0.05 probability level)

Resilience

The values of resilience were significantly affected by
the storage time, different levels of substitution, and
interaction between them. The values of resilience
were not significantly different on the second day

compared to the first day, and the composite flour
with a 20% of substitution level had the highest
value of resilience on the third day (Figure (4-14)
and Table (4-4)).
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Cohesiveness

The storage time, the different levels of substitution,
and the interaction between them significantly
affected the values of cohesiveness. The values
of cohesiveness were not significantly affected by
increasing the substitution levels on the first day,
while the values of cohesiveness were most affected
by an increase in the substitution level on the second
and third days (Figure (4-13) and Table (4-4)).

Bread Stretchability

The storage time, the different levels of substitution,
and the interaction between them significantly
impacted the values of stretchability. The values

-
wv

stretchability
w5

First day

a a
a
b
be bed
- 1
0 IIIIIIIIIIII

Second day

858

of stretchability with increasing concentrations of
quinoa seeds flour were significantly affected on the
second and third days compared to the first days
(Figure (4-16) and Table (4-4)).

Breakpoint

The breakpoint values were significantly affected
by the storage time, different levels of substitution,
and the interaction between them. The values of the
breakpoint significantly decreased on the second
and third day, and the highest value of the breakpoint
was for composite flour with a 20% on the first day
(Figure (4-17) and Table (4-4)).

m (0%
= 10%

m20%

Third day

Different days

Fig. 4-16: Effect of the interaction between different days and levels of substitution
on values of stretchability. (The bar within the same letter is not significantly
different at a 0.05 probability level)
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Fig. 4-17: Effect of the interaction between different days and levels of substitution on
values of the breakpoint. (The bar within the same letter is not significantly
different at a 0.05 probability level)
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Fig. (4-18): Effect of the storage time on the sensory evaluation of color. (The arithmetic means
within the same letter are not significantly different at a 0.05 probability level)
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Fig. (4-19): Effect of the interaction between different days and levels of substitution on the
sensory evaluation of texture. (The bar within the same letter is not significantly different at a
0.05 probability level)

Sensory Analysis

The effect of the storage time and substitution level
of wheat flour on the sensory scores of the final
product of bread was studied.

Color

The sensory scores of the color of bread pieces
were significantly affected only by the storage
time and substitution levels of wheat flour, with no
interaction between them (Figure (4-18) and Table
(4-5)). The highest score of sensory evaluation for
the color of bread was on the first day compared to
the third day (Figure 4-18). There was a significant
decrease in color score with increased substitution
level regarding substitution level.

Texture
The sensory scores of the texture of bread pieces
were significantly affected by the storage time,

substitution levels of wheat flour, and the interaction
between them (Figure (4-19) and Table (4-6)). The
final product of bread containing composite flour
with 20% quinoa seeds flour on the third day had
the lowest texture evaluation scores. The texture of
the bread was acceptable on the first day although
substitution levels of wheat flour differed.

Taste

There were main effects by the different days
and substitution levels with significant interaction
between them on the sensory scores of the taste
of bread pieces (Figure (4-20) and Table (4-6)).
Even after 24 hours, the final product of bread was
acceptable up to 20% of quinoa seeds flour in the
composite flour with no significant differences with
the control treatment. The bread taste acceptance
score decreased on the third day when the
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proportion of quinoa seeds flour reached 10% or interaction between them (Figure (4-21) and Table

more compared to the previous days. (4-6)). The final product of bread had the highest
score of sensory evaluation of overall quality on
Overall Quality the first day, regardless of substitution level. The

The sensory scores of the overall quality of bread  composite flour with 10% and 20% of quinoa flour
pieces were significantly affected by the different  on the third day differed from the control treatment.
days and substitution levels of wheat flour with the

8.5
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Fig. (4-20): Effect of the interaction between different days and levels of substitution on the
sensory evaluation of taste. (The bar within the same letter is not significantly different at a 0.05
probability level)
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Fig. (4-21): Effect of the interaction between different days and levels of substitution on the
sensory evaluation of overall quality. (The bar within the same letter is not significantly different
at a 0.05 probability level)

Table (4-5): Effect the substitution levels on sensory analysis scores of the Taboun bread*

Substitution level Color Texture Taste Overall quality
0% 8.07+02 7.74£0.2 7.96+02 7.89+0.2
10% 7.90+0.° 7.34+0.° 7.68+0. 7.57+0.°
20% 7.73+0.° 6.74+0.c 7.480.° 7.35+0.¢

*Data were expressed by MeanstStandard Deviation (SD); The values within the same column
followed by the same letter are not significantly different at a 0.05 probability level



ALMAAYTA et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(2) 844-865 (2023) 862

Table (4-6): Effect of storage days and substitution levels on
sensory analysis scores of the Taboun bread*

Interaction Effect Color Texture Taste Overall quality
Day Substitution level

1 0% 8.2750+ 7.9500+0.a 8.1250+0.a 8.1500+0.a
1 10% 8.2000+ 7.9250+0.ab 8.1500+0.a 8.1000+0.a
1 20% 8.0500+ 7.9000+0.ab 8.1000+0.ab 8.1000+0.a
2 0% 8.2000+ 7.7250+0.abc ~ 8.0500+0.ab 7.8500+0.ab
2 10% 8.0500+ 7.4500+0.c 7.9250+0.ab 7.6250+0.bc
2 20% 7.8250+ 6.9250+0.d 7.4750+0.c 7.3750+0.c
3 0% 7.7500+ 7.5500+0.bc 7.7000+0.bc 7.6750+0.bc
3 10% 7.4500+ 6.6500+0.d 6.9750+0.d 7.0000+0.d
3 20% 7.3250+ 5.4000+0.e 6.8750+0.d 6.5750+0.e

*Data were expressed by MeanstStandard Deviation (SD); The values within the same column
followed by the same letter are not significantly different at a 0.05 probability level.

Discussion

Effects of Quinoa Seed Physical Modifications on
the Pasting Profile of Composite Flour Containing
Wheat Flour with different Proportions of Quinoa
Flour

Due to its poor baking quality, which is caused by
the absence of gluten, quinoa flour can only partially
replace wheat flour in bread making, so the possibility
of using quinoa flour inclusion in baked products up
to 20-30% was mentioned. In this experiment,
there were three types of pretreatments for quinoa
seeds and three levels of substitution. Quinoa
seeds had bitter-tasting and toxic compounds
(chiefly saponins) in the hull, this can be removed
by dehulling/polishing and washing in most cases.®
Three pretreatments of quinoa seeds flour were used
with different levels of substitution of wheat flour
ranging from 0% to 25% to prepare composite flour.
The process of roasting and extrusion can be able
to lessen the bitter flavor imparted by saponins, and
nutraceutical properties can be reduced by extrusion
and roasting processes." Quinoa seeds must be
polished and washed before applying the process
method to increase the acceptability of the finished
product.” It was difficult to prepare and evaluate
bread from each composite flour due to cost, time,
and effort. Rapid evaluation techniques of pasting
profiles using.

Rapid Visco Analyser (RVA) and color evaluation
using a spectrophotometer were applied. The Rapid
Visco Analyser (RVA) was widely used to assess
the pasting characteristics of flour or starch. The
pasting parameters include pasting temperature,
peak viscosity, trough, breakdown, set back, peak
time, and final viscosity. The gelatinization of the
starch granule occurs by an increase in viscosity
and the variation in the composition of the starch
and protein in the flour leads to a difference in the
peak viscosity."?

The significant effect of the interaction between
pretreatment type and levels of substitution was
observed, as increasing the levels of substitution
for the different pretreatments decreased the
L*parameter and increased the a*, b*, and AEab
parameters. A decrease in NaOH and temperature
lead to a reduction in lightness (L*), resulting in a
quinoa co-product with a lower starch content and
a higher protein content." These results are very
close to the investigation of wheat-quinoa flour by
Cotovanu, Ungureanu & Mironeasa (2021),% in which
the L* values significantly decreased and the a*
values significantly increased in all composite flour
when the level of quinoa flour increased.
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Effect of Composite Flour that Contains Wheat
Flour with Different Proportions of Quinoa Seeds
on the Bread Quality

There were many studies investigating the impact
of substitution levels of quinoa flour on the quality
of bread. A study by stikic (2012)'® investigated the
impact of the substitution of quinoa flour on the
nutritional and functional properties of resulting
products and it showed the addition 20% of quinoa
flour increased the contents of protein, essential
amino acids lysine, methionine, and histidine in
the resulting bread compared to wheat flour. In this
experiment, the effect of incorporating of the different
concentrations of quinoa seeds flour with wheat flour
and the storage days on the quality of Taboun bread
was studied.

Instrumental Color Analysis

Instrumental color analysis of the top layer of taboun
bread showed that the substitution of wheat flour with
quinoa flour was not affected significantly the total
color. AEab* values of the bottom layer of Taboun
bread were significantly affected only by the passage
of days, and the AEab* values of the bottom layer of
taboon bread were significantly higher on the third
day compared to the first and second days.

Instrumental Texture Analysis

Increasing levels of substitution of wheat flour and
differing days resulted in significantly increased
Texture Profile Analysis (TPA) parameters including
resilience, hardness, and chewiness, and the values
of cohesiveness were significantly decreased. A
study by Wang et al., (2015)21showed the same
results, which increased the levels of quinoa flour
to various certain extents and caused a change
in texture profiles (hardness, cohesiveness, and
chewiness) of the bakery products.

Sensory Analysis

The results showed that the level of acceptance
of sensory characteristics was good up to 20% of
quinoa seeds flour in the composite flour. Stikic
et al. (2012)' reported sensory characteristics
of evaluated bread were excellent up to 20%
substitution level of wheat flour. According to
Calderelli et al,? quinoa bread was well accepted
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as evaluated by sensory panelists. Additionally, the
results of the current study showed that composite
flour containing 20% quinoa flour had the lowest
significant taste compared to other treatments. The
proportion of 20-30% quinoa seed flour is possible
in baked products, and the bitter taste recorded at
high levels of quinoa flour is likely due to a lack of
processing of the seeds leaving some of the hull."®

Conclusions

The use of pre-processed quinoa seeds with wheat
flour substitution significantly impacted pasting
and color parameters. Rapid Visco Analyser (RVA)
evaluated composite flour with different levels
of quinoa flour. The washing treatment was the
best formula. The Texture Profile Analysis (TPA)
parameters were significantly affected by the
substitution levels. Up to 10% substitution had
no significant effect on TPA parameters. CIE Lab
color values for top and bottom layers were not
significantly affected by storage days or quinoa seed
concentrations.

Recommendations

*  Further studies to understand the qualities of
quinoa may help to make the desired nutritious
foods of quinoa that meet consumers’ needs.

* Further studies to investigate chemical
parameters of wheat-quinoa flour such as
protein content, ash, fat, and dietary fibers.

« The study recommends that studies be
carried out to further verify the role of physical
treatments of quinoa seeds in improving the
characteristics of the finished product of Taboun
bread.
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